The process of fabricating tapered long period gratings (TLPGs) using a CO 2 laser is described. TLPGs with a period spacing of 378 μm, were fabricated by optimization of the taper waist diameter and careful control of the duty-cycle and its uniformity along the length of the grating. The 6-period TLPGs exhibited a pass-band insertion loss of 0.6 dB, resonance band extinction values of 3 dB and had a physical length of 2.27 mm.
INTRODUCTION
Optical fibre long period gratings (LPGs) were developed as devices for optical communications 1 , where they have been used as band rejection filters, gain equalizers and wavelength tuning elements in fibre lasers 2 . They have also found many applications in the field of optical sensing 3 . LPGs can be fabricated by either UV irradiation, or the periodic application of heat over a sub-millimeter length of the fibre. The necessary heat source can be either a CO 2 laser 4 , arcdischarge 5 or by resistive heating 6 . The use of CO 2 laser irradiation is attractive, as its use is flexible, is repeatable and produces less contamination on the fibre surface compared to the alternative techniques 4 .
In tapered long period gratings (TLPGs), the fibre geometry is perturbed by periodically tapering the fibre. This is usually achieved by locally heating and stretching the fibre. In previous reports of this type of device, the taper waist diameter was typically between 70 µm and 120 µm 4, 7 . One of the key advantages of thermally induced gratings is their ability to retain their spectral properties at higher temperatures, as compared to UV written gratings, which start to degrade at temperatures in excess of 200 0 C 8 . Thermally formed gratings typically start to degrade at temperatures close to the melting temperature of the fibre ~ 1000 0 C 8 . Another advantage of thermally generated gratings is that larger mode coupling coefficients can be achieved, compared to UV-written gratings, as the magnitude of the core index modulation is greater 8 . Spectral resonance bands of a given extinction coefficient can therefore be produced with fewer grating periods and so the overall physical length of the grating can be much shorter than that of a UV-written LPG with a comparable transmission spectrum.
A review of thermal approaches to LPG fabrication shows that high quality LPGs with well-defined resonance bands and low insertion losses have been fabricated either using the index modulation of the fibre using a CO 2 laser (without tapering) 9, 10 , or using arc discharge heating to both index modulate and geometrically taper the fibre 5, 11 . The use of CO 2 laser irradiation allows TLPGs to be fabricated with periods shorter 12 than can be obtained with arc-discharge techniques. The dimensions of the electrodes in fusion splicers currently limits the minimum achievable grating period to ~ 220 µm 11 .
The aim of this work is to develop the CO 2 laser-based fabrication of TLPGs so that their spectral characteristics are comparable with those fabricated using the arc-discharge approach, which typically exhibit insertion losses below ~ 2 dB 5, 11 . The losses which are currently observed with CO 2 fabricated TLPGs are > 10 dB 4, 7 . Optimisation of the taper geometry and grating duty cycle is shown to reduce optical insertion losses to below ~ 2 dB. the effect of ch f 6 tapers and ure 3. As the g sion level in g in a reduced m, which is sub evolution of the ing of 6 micro-t period of 418 µ 
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CONCLUSIONS
The process of fabricating TLPGs using a CO 2 laser is described. These were assessed over the spectral waveband: 625-1100 nm. By optimization of the taper waist diameter and careful control of the duty-cycle and its uniformity along the length of the grating, TLPGs of period spacings ≥ 378 μm, consisting of 6 periods with a corresponding total physical length of 2.27 mm, were fabricated. These exhibited an insertion loss of 0.6 dB and had resonance band extinction values of 3 dB.
